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Abstract 
 
This research investigated the effects of 
long-term operation, membrane filtration 
cycle, turbidity and natural organic matter 
(NOM) on the hardness removal efficiency 
and membrane fouling characteristics of the 
softening process which combines membrane 
and fluidized bed pellet reactor into one 
integrating process. 
Our data shown that the membrane was 
foul severely when the system was operated 
at 60-minute cycle; while no membrane 
fouling was observed for the systems with a 
30-minute cycle. Hardness removal is 
independent of membrane operation cycle. 
Raw water containing turbidity has no impact 
on hardness removal since the surface area 
needed for crystallization was provided by 
HIOP pellets. Addition of NOM 
(concentration ranges from 0 to 10 mg/L) 
showed no effect on membrane fouling, 
however NOM concentration of 20 mg/L has 
adverse influence on membrane fouling 
where membrane pressure increased more 
than three times after 5-day of operation. It 
was shown that the removal efficiency 
decreases from 86% to 26% when NOM 
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concentration increases from 0 to 20 mg/L. 
However, NOM removal efficiency is around 
60% regardless of NOM concentration in the 
raw water. It is believed that the remaining 
40% of NOM in effluent are hydrophilic in 
nature.. 
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1. membrane
2. influent pump
3. effluent pump
4. stir plate and stir bar
5. chemical dosing pump
6. Auto pH control and 
temperature measurement 
unit
7. Backwashing reservoir
8. two-way valve
9. backwash reservoir 
refilled pump
10. Nitrogen tank
11. Pellets and reactor
NaOH
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